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INTRODUCTION
I n recent years, the technology of spectral-domain optical coherence tomography (SD-OCT) has allowed researchers to analyze the deeper optic nerve head (ONH) structures, giving rise to a better understanding of the laminar region [1] [2] . The lamina cribrosa thickness (LCT) seems to correlate with the higher or lower risk of developing glaucomatous neuropathy [3] [4] [5] [6] . The purpose of this study is to analyze the performance of different parameters in the laminar region, such as LCT, lamina cribrosa depth (LCD), prelaminar tissue thickness (PTT) and Bruch's membrane opening (BMO) over a period of 24h in healthy young subjects.
SUBJECTS AND METHODS
The study used an observational design and enrolled healthy volunteers. Participants were recruited from the Medicine University of Córdoba, Spain. The study was approved by Hospital Reina Sofia Review Board. All participants provided written informed consent according to the Declaration of Helsinki. Inclusion criteria were 1) best-corrected visual acuity ≤0.2 (20/30) logarithm minimum angle of resolution in the study eye; 2) spherical equivalent (SE) within ±6.0 diopters, and cylinder correction within ±3.0 diopters; 3) angle grade 4 in Van Herick angle depth estimation. Exclusion criteria were 1) either good-quality image (i.e. quality score 15) could not be obtained or the borders of the lamina cribrosa (LC) could not be appreciated correctly; 2) abnormal peripapillary retinal nerve fiber layer (RNFL) thickness measurements; 3) abnormal ONH cup-to-disc ratio, glaucomatous optic disc, drusen, anterior ischemic neuropathy, retinal or neurological diseases; 4) smoking. The subjects were assessed at 4 different times (7:30 p.m., 1:30 a.m., 7:30 a.m. and 1:30 p.m.). Image Acquisition Protocol The optic disc was evaluated by means of the use of Spectralis SD-OCT (Software 1.7.0.0Heidelberg Engineering, Heidelberg, Germany). and the enhanced depth imaging (EDI) technique. Principles of the EDI technique were thoroughly explained by Park et al [7] . The BMO was defined as the distance between both limits of Bruch's membrane (Figure 1 ). The LCT was defined as the distance between the anterior border and the posterior border of the LC. The borders of the LC were considered to be where the highly reflective region started and finished just beneath the retinal nerve fiber layer in the papillary concavity. The LCD was defined as the distance between the anterior border of the LC and the imaginary BMO line. The PTT was defined as the distance between the anterior border of the LC and the anterior face of the prelaminar tissue of the retinal nerve fiber layer. All the measurements were taken by the same ophthalmologist. The observer was blind to the clinical parameters and the timing of the examinations (time 1, time 2, time 3 or time 4) for each scan when assessing their different structures. At every time of the study two SD-OCT images were taken of every subject. To evaluate intra-observer reproducibility. Statistical Analysis Statistical analyses were performed using G-STAT version 2.0 (Dpt. of Biometry, GlaxoSmithKline S.A., Madrid, Spain). All data are presented as mean±standard deviation (SD) and median±interquartile range. Given the small sample size, the nonparametric test was used. Statistical comparison for each variable between the times was done using Friedman's test. If Friedman's test yielded a significant result, this was followed by a Wilcoxon test. Spearman correlation analyses were performed to adjust the changes found in the ONH to other factors such as intraocular pressure (IOP), age, SE, central cornea thickness (CCT) and axial length (AL). The P<0.05 was considered significant.
RESULTS
From the 21 participants initially enrolled, 7 had to be excluded. Six participants were excluded owing to not completing the 4 measurement times. One participant was excluded owing to poor quality image. We enrolled 14 eyes from 14 patients (42.8% men) ( Table 1 We observed significant differences between the times of measuring of IOP (P<0.05) and LCT (P<0.05) ( No significant correlation was found between the structural changes in ONH and age, SE, CCT or AL. DISCUSSION This study has observed "in vivo" laminar region performance of the ONH using EDI SD-OCT. The principal finding of this research was the change of the laminar region during the day: first, LCT significantly increased during the diurnal period and decreased during the nocturnal period. Second, the PTT increased during the nocturnal period and decreased during the diurnal period, but these differences were not statistically significant. Third, the LCD did not change during the day. Fourth, the BMO was similar between nocturnal and diurnal periods. According to Fleiss [8] the parameters of the laminar region included in our study had an excellent ICC (≥0.75).
The LC is a dynamic structure. Reis et al [9] and Barrancos et al [10] have shown anterior displacement of the LC and thickening of the prelaminar tissue along with IOP lowering after glaucoma surgery. These changes are more likely to be observed in young people, and this shows more dynamism and change capacity in the laminar region of young people [11] . We have observed differences in the values of LCT between the different times of evaluation. These changes of LCT coincide with IOP variations. The biggest difference of LCT was found between the 7:30 p.m. measurement and the 7:30 a.m. measurement; this difference was statistically significant. However, we have observed the biggest difference of IOP at 7:30 a.m. and at 1:30 p.m. How could this be explained? The IOP value at 7:30 p.m. was very similar to the IOP value at 1:30 p.m., but the LCT value at 7:30 p.m. and at 1:30 p.m. was different. Time 4 (1:30 p.m.) was of course preceded by time 3 (7:30 a.m.). The highest IOP value was observed at this time (7.30 a.m.). This considerable pressure could be transmitted to the LC, thereby compressing this structure. Therefore, in spite of the fact that at 1:30 p.m. we have observed the lowest IOP value, the LC might need some amount of time to adapt to the new conditions and expand again [12] . We have observed PTT variations at different examination times, but these differences were not statistically significant. Barrancos et al [10] did not find any linear correlation between IOP and PTT, although PTT increased after glaucoma surgery, when IOP drops. Post-surgery edema or vascular changes could explain this increase. Our results show an inverse correlation between PTT and IOP at the four times of measurement, which was statistically significant at time 1 and at time 3. This leads us to expect a decrease in the PTT when the IOP increases and compresses the tissue. However, the maximum IOP level was observed at time 3 (7:30 a.m.) when the PTT was also highest. Thickening of prelaminar tissue seems to depend on the amount of blood in the nerve fiber layer [13] . Usui et al [14] have documented a circadian vascular pattern in the subfoveal choroidal thickness in healthy subjects. In 32 of 38 subjects the maximum subfoveal choroidal thickness was observed during the night, between 3 a.m. and 9 a.m. This interval time coincides with our measurement time 3. We did in fact observe the maximum PTT at 7:30 a.m.; at this time according to the results of Usui el al [14] the choroid receives the greatest amount of blood. This result suggests that the PTT could depend on nerve fiber layer vascularization. Reis et al [9] and Barrancos et al [10] documented an anterior displacement of the LC when the IOP changed. We did not observe differences in LCD between visits. In our study the greatest difference between the maximum and the minimum level of IOP recorded was 2.4 mm Hg, in contrast with the work of Reis et al [9] and Barrancos et al [10] in which the difference was 7 mm Hg and 6 mm Hg respectively. This study has some limitations. First, only 14 subjects completed the study. In spite of the small sample, some results were statistically significant. A larger and heterogeneous sample would be desirable to validate the results of the study. Second, we only analyzed the central frame in the laminar region of the ONH. Histological and "in vivo" studies have demonstrated that the LCT is uniform in the whole LC, and found no differences between the central region and the periphery region of the ONH [4, 7, [15] [16] . Third, young subjects have a thicker PTT which could induce noise in the process of acquisition of images of the LC. However, they have a more transparent cornea, crystalline lens and vitreous humour. In one subject of 21 initially selected for the study (4.7%) it was impossible to mark out the posterior face of the LC. Park et al [7] showed a similar result; in 7.3%
of the subjects included in his study it was not possible to recognize the posterior border of the LC. Park et al [7] demonstrated that LCT is thinner in normotensional glaucoma (NTG) than in normal eyes or those with primary open angle glaucoma (POAG). Thus, that might explain the glaucomatous damage in NTG eyes with apparently normal IOP levels. The measurement of LCT might be useful in the early diagnosis of glaucoma and it would be even more relevant if LCT could be used as a screening tool to diagnose subjects with risk of developing NTG. Normally it is difficult to establish NTG in the first stage of the disease, without visual field defects. It is therefore highly relevant to ascertain if LCT alters during the day. Several measurements taken at different times of day are required in order to carry out a diagnosis of a suspected case of glaucoma. In order to complete the study, future investigations of glaucomatous and older subjects would be required, to ascertain if similar behaviour is observable in the laminar region parameters to that noted in younger people.
In conclusion, we successfully obtained images of the ONH structures, in the laminar region during 24h. To the best of our knowledge, this is the first "in vivo" study of the laminar region using EDI SD-OCT during 24h, on young and healthy subjects. Our data showed significant changes in the laminar region depending on the measurement time. This study provides an initial approach to understanding the changes in the ONH structures "in vivo" in young and healthy subjects depending on the time of measurement.
